Determination of limits on disc masses around six pulsars at 15 and 90 microns by Koch-Miramond, L et al.















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































2 Lydie Koch-Miramond et al.: Mass Limits around six Pulsars
models in which the discs dier in their composition and
physical properties (see Podsiadlowski 1993 and Phinney
& Hansen 1993 for reviews and references). The discs
could originate from fallback of supernova material, be
surviving discs around massive stars or remnants of an
evaporated companion. In the perhaps most promising
class of models, the discs form out of the material of a
companion star that was destroyed either as a result of
a dynamical instability or in the supernova that formed
the neutron star (because of a kick in the direction of
the companion). In all of these latter models, one expects
a disc of substantial mass (from a few tenths to a few
M

). Depending on whether the destroyed companion
star was a normal-type star or a degenerate object (e.g.,
a CO white dwarf), the composition of the disc can
range from solar-type material to a mixture dominated
by heavy elements. While some of these models require
a millisecond pulsar, others do not and predict that
planet-forming discs may exist around both recycled
millisecond pulsars and normal radio pulsars. The initial
conditions in a pulsar disc are probably extreme com-
pared to normal protostellar nebulae; but as the disc
expands and cools and the pulsar luminosity decreases,
it may approach conditions more typical of discs around
pre-main sequence stars (Phinney & Hansen 1993; Ruden
1993). Indeed in some pulsar-planet formation models,
the planet formation process itself could be very similar
to the formation of our own solar system.
Searches for circumstellar material around neutron stars
have been conducted at high sensitivity (with uxes
 25mJy) only for a handful of objects, either for warm
(T > 300K) or very cold (T < 30K) dust, and none of
them have shown any evidence for a circumpulsar disc. A
sensitive search for 10 m continuum emission from PSR
B1257+12 has resulted in an upper limit of 7  11mJy
(Zuckerman 1993). Assuming that the circumstellar dust
is cold (T < 30K), as might be expected if the pulsar
spin-down luminosity is small or if the disc heating
eÆciency is low, Phillips & Chandler (1994) searched for
emission around ve neutron stars in the sub-millimeter
region (99 and 380 MHz). None of the pulsars in this
sample was detected. Assuming that the circumpulsar
discs were similar to those around T Tauri stars, they





The Infra-red Space Observatory (ISO) with the spectro-
photometer ISOPHOT was ideally suited to achieve
high sensitivity in the intermediate temperature range,
30 < T < 300K. In addition, ISOCAM with the LW
detector in the range 12 18 m, allowed a search for
warm dust of higher sensitivity than is possible from
the ground. The main purpose of our study was to nd
evidence for circumpulsar discs, which might help to
distinguish between dierent models for the origin of
pulsar planets. In particular, we aimed to:
1) search for thermal dust emission from circumstellar
discs or clouds (by-products or progenitors of the planet-
formation process) around pulsars,
2) discover intermediate stages of evolution between
evaporating binary pulsars and isolated millisecond
pulsars with planets,
3) discover residual material from the envelope of the
progenitor, that was not ejected in the supernova explo-
sion and has settled in a post-supernova disc.
We also aimed to deduce the mass of radiating dust and
compare its physical properties to that of dust in discs
or shells around main-sequence and post main-sequence
stars revealed by IRAS, ISO and ground-based infra-red
and millimeter observations (see, e.g. Spangler et al. 2001).
2. Mid-infrared observations
The ISO observing modes used were ISOCAM (Cesarsky
et al. 1986) imaging photometry at 15 m and ISOPHOT
(Lemke et al. 1996) photometry at 90 m.
2.1. Imaging photometry
Our additional motivation for the ISOCAM obser-
vation was to provide spatial resolution to a possible
emission feature. The LW3 lter (with a reference wave-
length of 14.3 m) was used with a spatial resolution
of 6 arcsec per pixel. The ISOCAM data were reduced
with CIA version 3.0, following the standard processing
outlined in Starck et al. (1999). Transient corrections,
using the inversion algorithm of Abergel, Bernard &
Boulanger (1996), were applied. No detections were
obtained at any of the pulsar positions.
2.2. Derivation of ISOCAM upper limits
Since the resulting maps gave no indication for infrared
sources at the expected source positions, we computed
3 upper limits in the following way: (1) as there were no
extended mid-infrared sources, we computed the standard
deviations of the noise present in the maps. (2) We then
assumed for each source that a point source remained
statistically insignicant while its peak had an amplitude
less than 3. (3) We then used the known PSF prole to
compute the total source ux from the PSF peak value.
In that last step, we had to make another assumption,
namely the location of the source inside the ISOCAM
pixel. Indeed, as ISOCAM generally undersamples the
instrumental PSF, the exact position of the source inside
the pixel can have a visible impact on the amount of light
that falls in the most illuminated pixel of the PSF. We
assumed that the source fell at the center of the pixel,
which results in maximum light concentration. A point
source, brighter than our 3 upper limit, but falling at
the edge of a pixel, could still have its most illuminated
pixel fainter than 3. However, this conguration would
result in typically 2-4 equivalently bright pixels at the
source location, which we do not see in the maps.
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2.3. Mid-infrared photometry
We obtained ISOPHOT maps at 90 m at the posi-
tions of the six pulsars using the oversampling mapping
mode (AOT P32); the elds were 5 arcmin  8 arcmin,
with a 46 arcsec square aperture. The data were reduced
with version 6.1 of PIA (Laureijs et al. 2001). No ux
enhancements were found at the radio positions of the
pulsars except for J0108 1431, the nearest known pul-
sar. We therefore reduced the eld of J0108 1431 again
with version 9.0 of PIA, using several algorithms to create
the map. A small ux enhancement of about 11 mJy was
conrmed at the J2000 position RA = 01:08:08.5, Dec =
 14:31:42 of this pulsar with an uncertainty of 30 arcsec.
The map of Figure 1 was produced with the PIA mapping
algorithm. This ux enhancement, however, is very small
and lies at the border of some faint cirrus laments; it
is therefore possible that the detected emission does not
originate from material around the pulsar, but is caused
by cirrus emission along the line of sight. To derive up-
per limits for the 90 m ux at the pulsar position, we
considered the ux level of the whole area mapped (which
contains a few bright, cirrus-like regions) and found a ux
level of 523  21 mJy per detector pixel 46 arcsec square;
then we considered only the central region, which appears
to be quite smooth, and obtained a ux level of 506 
7.5 mJy per detector pixel. From these measurements, we
derived a 3  upper limit of 15 mJy for emission from the
pulsar.
Fig. 1. 90 mISOPHOT map of the PSR0108-1431 eld.
The pulsar position coincides with the bright spot at the
upper left of the image.
3. Upper limits on circumpulsar masses
The 3  upper limits on the ux densities at 15 and 90 m
at the radio positions of pulsars B1534+12, J2322+2057,
J2019+2425, B0149 16, B1604 00 and J0108 1431 are
shown in Table 1 together with their spin periods and their
distances.
Table 1. Upper limits on ux densities at the pulsar po-
sitions
Pulsar P [s] d [pc] F(15m) F(90m)
B1534+12 0.038 430 82.2 75.0
J2322+2057 0.0048 780 58.8 72.0
J2019+2425 0.0039 850 64.5 130.0
B0149 16 0.8 790 52.8 75.0
B1604 00 0.42 590 60.0 90.0
J0108 1431 0.85 85 66.0 15.0
Table 2. Upper limits on the mass and temperature of
emitting dust around six pulsars
Pulsar P [s] d [pc] M [g] M/M

T [K]






























To derive upper limits for the amount of circumstellar
material in the form of grains and upper limits to the grain
temperatures, we assumed that dust discs around pulsars
have similar physical properties to the disc around the
star Beta Pictoris (Pantin, Lagage & Artymowicz 1997),
where the grains are made of `cosmic silicates' as dened
in Draine & Lee (1984). The simple model we used to de-
rive the upper limits on the mass of radiating dust and
the mean temperature of grains, shown in Table 2, is ex-
plained in the Appendix. Note that these upper limits are
constrained by the measurements at 15 and 90m, but the
mass of gas is not constrained. If the mass ratio of gas to
dust were similar to the ratio in T Tauri discs, the upper
limits given in Table 2 should be multiplied by a factor
of  100 to obtain upper limits to the total gas mass.
Note that the upper limit obtained for PSR B1534+12 is





obtained by Phillips & Chandler (1994)
in the sub-mm and mm ranges, using the Beckwith and
Sargent (1990) results on circumstellar discs around T
Tauri stars.
4. Discussion and Conclusions
The upper limits for the dust mass derived for the rst
5 pulsars in Table 2 suggest that none of them are
surrounded by a suÆciently massive disc in which planets
are likely to form. Even in the case of PSR J0108 1431,
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if we interpret the detected emission as originating from
material around the pulsar (rather than cirrus), the
implied dust mass is far smaller than the dust mass found










Artymowicz 1994). One caveat is that these estimates are
very dependent on the properties of the dust grains and
do not provide a good estimate for the total amount of gas
and dust because the dust to gas ratio is undetermined.
These estimates could be quite dierent for circumpulsar
discs with very non-solar composition. This negative
result is perhaps not so surprising, since planets around
pulsars do not appear to be common observationally
(Konacki, Maciejewski & Wolszczan 1999), certainly
much rarer than planets around normal-type stars. This
also suggests that planet formation around pulsars is not
a natural consequence of the pulsar-formation process
(whether it is the formation of the neutron star in a
supernova or the recycling of the pulsar in a binary).
This is rather dierent from planet formation around
normal-type stars, which appears to be an ubiquitous
by-product of the star-formation process. The detection
of emission from PSR J0108 1431 suggests the need for
follow-up observations to remove the ambiguity of the
origin of this emission (circumpulsar material or cirrus
along the line of sight). We have checked for the presence
of stars, dust and molecular clouds in the direction of
PSR J0108-1431: in the IRAS All Sky Survey a ux of 12
 1 mJy is observed at 90m in an aperture of 46  46
arcsec, equal to the ISOPHOT beam size. There is no
visible object in the Digitized Sky Survey within 10 arcsec
of the pulsar's position, and there are only two very faint
stars at distances of 10.2 and 14.5 arcsec from the pulsar,
respectively, in the ISOPHOT beam. The CO survey at
high galactic latitude (Magnani et al. 1998) found a mass
surface density of molecular gas of 0:2M

. We plan to
obtain observations in the infra-red, sub-mm and mil-
limeter ranges; these combined observations will allow the
measurement of the mass and the mean temperature of
the dust, thus constraining the distribution of grain sizes
and the physical parameters of the grains. This should
help to remove the ambiguity of the origin of this emission.
Appendix : A very simple model for the derivation
of dust masses
In the absence of indications on the dust composition pro-
vided by an accurate infrared spectrum of the dust, we as-
sumed that the dust is composed of interstellar grains as
described by Draine & Lee (1984). From the optical con-
stants for this material (a mixture of silicates and graphite
with a ratio of  1.1 by particle number), one computes
the mean absorption coeÆcients Q
abs
of spherical par-
ticles as a function of the wavelength and the particle
size using calculations based on Mie theory (Bohren &
Human 1983). Using the standard collisional size distri-
bution, i.e. n(a)da = Aa
 3:5
(Mathis, Rumpl & Nordsiek
1977), where the constant A ensures the proper normal-
ization of the distribution, the ux radiated by a set of N
particles at temperature T
g






















are the minimumand maximum size
of the grains taken to be 0.01 and 0.25 m (Draine & Lee
1984), respectively, B

is the Planck function for black-
body emission per unit frequency. In principle, the temper-
ature depends on the grain size, and one should compute
it assuming energy balance, but for that the heating mech-
anism must be known. For very small grains, as we have
considered here, the temperature only varies moderately
with size; we therefore assume in the following that the
temperature is constant and is equal to the average value
of the temperature averaged over the size distribution. In

























































; a)n(a) da for i = 1; 2.
Equation 2 is then solved iteratively for T
g
using a
Newton-Raphson algorithm (see, e.g., Press et al. 1992).
Then, the number of particles needed to reproduce the

























where d is the distance to the object considered.
Assuming a bulk density for the mixture of 2.75 g/cm
3
,
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